The ability to accurately measure growth is extremely important in babies, firstly because of the very rapid growth rate seen in the postnatal period and secondly because of the way that many differing factors may have a common effect in disturbance of normal growth. This is particularly true in the small, sick, and premature infant, yet it is in precisely these babies that such measurements are most difficult to make. Assessment of growth is most commonly made by sequential weight measurements, yet even this may not be possible in a sick ventilated baby. In addition, weight may be influenced by changes in fat and fluid deposition that are not necessarily reflected by changes in linear growth.' 2 Measurement of length using a tape measure is extremely unreliable, and use of a neonatometer, although accurate in trained hands, cannot be performed unless a baby is clinically stable. Knemometry, the measurement of knee-heel length using a purpose built measuring device, offers a means of assessing linear growth which can be used on all babies regardless of gestational age or disease severity.
The technique of knemometry was first described by Valk in 1983,34 but there had been previous reports supporting the validity of measuring individual limb lengths to assess linear growth. Senecal et al measured tibial length with calipers, and compared their measurements with those obtained from serial radiographs.5 They derived centile charts for tibial length and advocated the use of this measurement in assessment of factors affecting growth in 'pathological neonates'. James et al made measurements of foot length using a purpose built measuring gauge and found such measurements to correlate closely with weight and crown-heel length, particularly in premature babies. 6 The authors proposed that such measurements were of value in babies too ill for conventional measurements to be made. Brooke et al used a purpose built 'stadiometer' and calipers to measure elbow-wrist and knee-heel length and commented that such measurements are more reproducible than the normal measurements of crown-heel or crownrump length. 7 8 Knemometry, measuring knee-heel length, has the particular advantages that the portion of the body involved is easily accessible and measurements are made across relatively fixed joints which are easy to stabilise. The knemometer first described by Valk et al is large and requires the subject to sit quietly while measurements are made.3 Under these conditions it is an extremely precise and reproducible measuring device with a technical error of measurement of 0 16 mm (when weekly growth rate is 0A47 mm/week)9 10 or a coefficient of variation of O0090/o.ll The size of this knemometer and the measurement technique are such that it is not a feasible method of measurement in children much below 3 years of age. A hand held knemometer suitable for use in babies was subsequently devised and reported by Michaelsen and colleagues in 198812 and an evaluation published in 1991.13
For the last two years we have used measurements made with this device as part of our routine assessment of growth. In this paper we present our initial observations on the accuracy and suitability of the knemometer in neonatal practice. We have compared the knemometer with other measuring techniques and have used the measurements we have made to define normal leg length velocity centiles at different gestational ages. The precision of the device was assessed using a non-deformable Perspex rod milled to exactly 100 mm by our medical engineering department. Thirty measurements (each being the mean of 10 readings as described above) were made, and the mean and SD of the readings calculated. Technical error of the measurement was calculated as the mean SD of all the measurements made (that is the mean of all the SDs of all the sets of 10 readings).
Methods
(4) REPRODUCIBILITY Reproducibility was assessed in two series of 100 duplicate leg measurements. The first series was made shortly after we started to use the device and the second 10 months later. In each series, after a measurement was made, the knemometer was removed then reapplied and the measurement repeated. The difference between the two measurements was calculated and, in addition, the technical error of the measurement in each of the measurement sequences was estimated to compare the measured error for babies with that for the Perspex rod. Our observations have suggested that the best estimate of average leg length velocity is obtained from a linear regression analysis of all measurements made. We have, therefore, used this method to quantify leg length velocity in individual babies. We have obtained measurements at birth on 324 babies and have combined this data to obtain an estimate of the growth of the lower leg in utero.
[PARISON WITH OTHER MEASUREMENT number of measurements, it was apparent that QUES there was significant soft tissue compression, -al error of the electronic scales most evident during the first three measured Baby scales, Viamed Ltd, Keighley, ments. We therefore observed the effect of Yorkshire) and the neonatometer omitting the first three readings and recording nden Neonatometer, Holtain Ltd, the next five ( fig 2B) . The slope is less marked ych, Wales) routinely used on our unit and the trend still present. We then examined sessed. Ten consecutive readings of whether this could be improved further by )r weight were made using the appro-taking the next 10, as opposed to five, jevice. Babies were weighed by the measurements ( fig 2C) . A significant trend staff who made the routine weight remains but the slope of the line is less than -ments, length was measured by two with either of the other two measurement grade medical staff who were used techniques. To assess the effect of the three ing such measurements on a routine techniques on the precision of the measurebasis. Measurements were made on 30 ment, the mean SD for all the readings within and the technical error calculated for a series was calculated. Two such evaluations ies. To allow comparison of the dif-have been performed. The first took place nethods, coefficients of variation were shortly after starting to use the knemometer :ed for each. and the second a year later. The results are :atistical analyses were made using the given in table 1, and from these figures it can w package.
be seen that discarding the first three measurements appeared to increase the precision, as did increasing a series from five to 10 readings when the technique was first assessed. There LSUREMENT TECHNIQUE is, however, evidence of a learning effect, with 2 shows means obtained from 30 sets a decrease of mean SD over a year and the ;equential readings made on a single benefit of 10 readings instead of five has been n on different babies. Figure 2A The technical error of the measurement technique is less than one day of growth of the lower leg, and alternate day measurements will, therefore, reflect true changes in leg length. There is again evidence of a learning phenomenon, with an improved SD of measurement in the second series.
Each of the individual duplicate measurements from the first series are shown in fig 3. Each point represents the difference between the two measurements expressed as a percentage of the first measurement and the points are 
of the measurements or the length of the limb. The mean value for the second measurement is 0-28 mm less than that for the first measurement with a SD of 0-48. In 78 of the 100 measurements, the second value was less than the first, again suggesting that there may be progressive compression of the limb. There is no significant correlation between the length of the limb and the magnitude of the difference, indicating that the error is not influenced by the length of the limb being measured.
-ed against the length of the leg being (4) Gestational age (weeks) Figure 5 Mean (SD) leg length on day of birth for 324 babies grouped by week ofgestation age; 5th to 95th centiles are shown. LLV=leg length velocity. Postnatal age (days) Figure 6 Linear growth patterns for a well baby compared with a baby with severe bronchopulmonary dysplasia (BDP). The dotted line is the mean of the measurements made at birth and represents a predicted in utero growth rate of 0.43 mm/day. LLV=leg length velocity. Figure 7 shows two examples of individual growth changes. Figure 7A shows leg length and weight in a well baby of 27 weeks' gestation. This baby's admission could be divided into three phases shown by the bars. In the first and third periods the baby received a standard term baby formula feed and in the intervening period received a premature baby formula feed. The volume of the premature baby feed given was less than that of the term formula feed and calculated energy intake was only 12-6 kJ (3 kcal)/kg/day extra during the premature baby formula period. There is an immediate change in leg growth and weight gain corresponding to the introduction of the premature baby formula. Weight gain increases by more than 240% and leg length velocity by 770/o and, in this example, both weight and leg measurement revert to the initial pattern of growth after the feed is changed back to standard term formula. the same as that seen in a sick infant with impaired growth. The technical error of the neonatal knemometer was 0-31 mm in comparison to 0-16 mm for the large knemometer,9 but this must be contrasted with the documented lower leg growth velocity of 0-43 mm/day in a baby and 0-47 mm/week in a child.
Soft tissue compression during initial application of the knemometer is an important source of error with this technique, and it is, therefore, advisable to develop a standardised measurement routine. This error can be reduced by omitting the first three readings during which the majority of compression occurs. In our initial evaluation, it appeared that taking the mean of the next 10 readings gave the smallest error, but in our recent repeat series this no longer appeared to be the case. We, therefore, recommend making three readings, which are then discarded, and taking the mean of the next five readings as the estimate of lower leg length.
The reduction in technical error assessed in the two large duplicate studies implies a prolonged 'learning curve'. We would recommend that sequential observations on a single baby be made by one experienced observer only. If two or more observers are involved, they should all have some experience with the technique, which should be confirmed by a validation study before studies are commenced. All our data for growth centiles was derived by a single observer. Because fig 7A, changes in feed result in a substantial increase in weight gain with a less marked increase in length, while dexamethasone was associated with little change in weight and substantial change in leg length velocity.
In conclusion, we believe that knemometry is a valuable technique for use in neonatal care. It has a technical error that is substantially less than a single day's growth. Interobserver estimations of absolute length show poor agreement however, and measurements should be made by a single observer. Long term measurements complement data already obtainable by other techniques, but have the advantage that measurements can be performed more easily, quickly and with much less disturbance in any situation. In view of the very high limb growth rates that we have measured, and the rapid changes in growth that may be observed, we feel that knemometry has a unique role in the assessment of factors that influence short term growth rate in the neonate.
